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SUMMARY AND CONCLUSIONS 


The purpose of this paper is to develop several scenarios 
of requirements for professional R&D personnel associated 
with raisine’ the’ level’ ‘of R&D in Canada. The analysis is 
confined to scientists and engineers in the natural 
sciences, consistent with the current national estimates 
of gross domestic expenditures on research and development 
in the natural sciences and engineering (GERD). The 
analysis limits itself to university-trained research 
personnel, mainly because of the long time involved in 


theiy trainine .- Techniie¢lansy and technoleci sus? areyaieo 
required as support staff, but estimates on their needs 
aresmot) piven in thi se reports2s lt? should. be. mooted, however, 


that the™supply’ot support’ stall 1s*’much*more:t1exdi bleidue 
toeehoryr ters trainings requirements: 


The balance between supply and demand cannot be projected 
in precise numbers because it depends on a number of events 
that ‘can be affected by: changes in policies, programs, 
processes and approaches. The analysis is carried out tor 
a number of. scenarios that serve to, illustrate the 
implications of various assumptions rather than to project 
or predict what would actually happen. 


The main implication arising from these simulations is 
that, under the more plausible sets of assumptions, there 
would be shortages of trained researchers, especially for 
researchers in the applied fields of science in industrial 
research areas. The extent of the shortages would be a 
function of the size of the GERD target, the time at which 
it is supposed to be attained, the growth in the amount of 
R&D performed by the average researcher, the length. of sbime 
researchers remain in R&D careers, the number of research 
trained personnel coming out of the university system, and 
the extent to which industry would switch to Ph.D.s and 
MoA ase.in, R&D: jobs. 


Any shortages would have to be made up by: 
— on the job research training programs by industry; 
—~ stimulating university enrolments in applied 


sciences graduate programs, by the emergence 
of new research jobs and careers in industry; 


(ii) 


- selective increases in immigration, and the 
strategic use of immigrants to transfer knowledge 
anda SGkid dl Sat OuCanadd ans S..aciG 


- further increases in the manpower training 
programs by the granting councils. 


The achievement of a higher GERD target is predicated on 
a number of factors that would require careful planning 
and management. An ambitious GERD target, or a target 
aimed at)ayveryn eanly, date. or failune co, attract .and 
retain researchers, or failure to attract and train 
sufficient numbers of new researchers, would soon result 
in shortages of research personnel, especially in the 
applied sciences. On the other hand, a continuation of 
the low level of GERD that now prevails will result in 
surpluses of research trained graduates, unless there 
are further sharp declines in graduate enrolments at 
Canadian universities. Such declines, however, would 
further aggravate the problems and shortages of Canada's 
R&D capacity. 


INTRODUCTION 


This paper considers several possible scenarios of require- 
ments for professional R&D personnel associated with 

Paws ies Cio level or Rabe i1n Canada. ine scenarios are 
CereecUlVvely tCtorrea [oO ao nw. tarvels) arr tie, sense that 
Bie yea! ! dre. directed Cowatrds a Gargveo distribution OL 
R&D performance in the end-year, when industry performs a 
substantially larger share of the total than at present. 


Requirements for research trained personnel are calculated 
by performer of R&D (i.e. governments, industry and the 
universities), and by broad field of study within the 
natural sciences (applied sciences, and other natural 
sciences). The term "requirements" refers to the number 
of university graduates needed to fill job openings in 
professional R&D occupations, mainly in the engineering, 
physical, and life sciences. Additionally, an attampt is 
made to identify potential imbalances of supply and 
Fequirenencs (hat. May Occur dca rest Sot 1aiciioetne 
level of R&D. 


The analysis relates to R&D in the natural sciences, as 
measured by the national statistics on gross domestic 
expenditure on R&D (GERD), and the professional research 
manpower associated with this activity. Among the most 
important assumptions are the level of R&D attained, 
expressed as a percentage of industrial R&D increases 
relative to government and university-based R&D, and the 
Euture ‘supply. oc. researchers. 


Although the projections may have the appearance of a 
touccast, (tals, 1MpOLLai LO bear if IM pue heal eelo vedi 
not forecasts since the analysis explores several possible 
scenarios with a view towards quantifying the range of 
manpower requirements associated with these alternatives. 


The R&D manpower analyses build on the work that the 
Ministry has done in the area of highly qualified 
Manpower. as it telates tO ssclences policy andeunlveretty— 
based research. To some extent, it uses the MOSST highly 
qualified manpower model and data base (HQM Model) which 
provides projections of requirements for university 
graduates by Cield ot studyveanardegree level based Jon 
projections of occupations, and projections of. the 
educational distributions of new entrants to these HQM 
occupations. 


GERD TARGET 


The main’ veason’ for’ the low propertion of GRR) TmaCanada \s 
GNP.is the shorttabl insindustriabekcD 5 (ines neeccta 
increase the level of R&D, particularly industrial R&D, 

has been agreed upon by the federal and provincial govern- 
ments, the Lamontagne Senate Committee on science policy, 
the Science Council, and by many professional associations. 


Canadian firms, and especially foreign owned ones, have 
traditionally found it to) their advantage-to-acquire 
technology outside Canada. This situation has been 
perpetuated through the existence of small markets for 
Canadian products. If the R&D necessary, Co,dévelop the 
technology that is now purchased abroad were carried out 
in Canada, a sizeable portion of the gap in the existing 
industrial R&D would be closed. 


Canadian industry will undertake to perform significantly 
more R&D when the markets for its products have expanded, 
and when there is the necessary inducement to become 
internationally competitive through investment in R&D and 
the development of new technology. Several measures have 
been put into place in recent yeaus ,to,umprove the 
competitiveness of Canadian products, such as the gradual 
introduction of commercial and trade policies that open 
up foreign markets for Canadian firms and that allow more 
competition in the Canadian market between Canadian and 
foreign products. 


Taken as a whole, these policies should result in better 
opportunities for profitable R&D investments and at the 
Same Cime increase pressures ;through competition on the 
domestic market to improve productivity and technological 
change. As well, there have been efforts through tax 
policy and government procurement policy to directly 
stimulate industrial R&D in Canada. In quantifying the 
GERD target, it is assumed that most of the increases in 
research will, therefore, be performed and ,funded by 
industry, with governments and the universities also 
increasing their R&D, but at.a sienificantly Power.,rate 

Ob growth, the Carset distribution assumes: that industry 
will perform 65 percent of GERD as compared with 43 percent 
at present... This.target share 1s similar to mhat of. otner 
prominent industrial countries such as the United States, 
Japan and Germany. 
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ASSUMPTIONS UNDERLYING THE PROJECTIONS 


Requirements for research personnel arising from the R&D 
target ‘levels are jbased on.a number .of'assumptions.’ The 
size of the requirements, and any imbalances that may 
oceur 5 are dependent. on a “number Jot .factors* 


wiineptarcet Level. tha year.ineawitchntne target ts 
reached, and the speed with which it is approached. 
This study assumes several target levels and dates 
that are to be-approached at ja «constant annual rate 


of increase. Obviously, the shorter the time, or 
the higher the target, the greater the annual 
requirements for researchers... Four scenarios are 


developed and compared: 


— continuation of the current level of R&D spending 
(COn9S percent OLTvGNP)# 


—- increase in the level of R&D expenditures to 1.5 
pereent you jGNR xby 44905), 


- increase in the level of R&D expenditures to 1.5 
pereent jot ‘GNP by..1 990 seand 


— increase in the level of R&D to 2.5 percent of GNP 
byol990 : 


—- The rate of increase in real GNP, since the target 
Hs sebated to’ thersizexsot,GNey Yltsarsyassimed* that 
GNP will increase in real terms at an average annual 
rateyot 3..percent |per year siealishenegnates of “srowtn 
would increase the number of researchers required. 
Of course, R&D improves productivity and output 
erowth,abutsat.this’ stage fehisyaeedbackacerrect Lrom 
higher R&D on,productivity ychanges.is~,nct Caken into 
account in an explicit way. 


—- The extent to which the amount of real R&D resources 
per researcher (i.e., the R&D/researcher ratio) 
increases. The higher this rate of growth, the 
lower the requirements for researchers. There is a 
need for growth, because in moving to a significant 
expansion of the R&D effort there would have to be 
more expensive and sophisticated research equipment, 


increased use of technical and other support staff 

to back up professional researchers, and general 
increases in the scale and size of research projects 
which may combine several small scale individual 
efforts ‘into "more “efficient: team projects. This 

study assumes three sets of growth rates in the 

amount of real R&D expenditures per) researchen: 

3 percent’ per year, 15 percent arid) nongrowth. o The 

3 percent “figure ‘Ws consistent with “the ii storical 
productivity *srowth experience immtiie *privatet sector 
at large, but the limited evidence available for the 
R&D sector indicates historical growth rates in the 
amount of constant dollar R&D performed per researcher 
that are much lower than the productivity growth rates 
achieved by the private sector of the economy at large. 
In fact, over the past decade, there has been._no 
increase "in ‘such ‘expenditures’. 


The rate of attrition and the productive research life 
span of researchers. The analysis assumes an attrition 
rate’ of 1.5 percent ‘of (therstoekwpen wearn.wmmlhis rate 

is derived from an analysis of S&T occupations in the 
HQM Model and Data Base and reflects the youthful age 
structure of “persons ‘currently vinVthese occupations. 
Regarding the length of R&D careers, two scenarios are 
tested. The first assumes that researchers remain in 
their careers and do not shift into tother: worki:functions: 
This may, however, not be a realistic assumption. For 
example, in the experience of NSERC, the average 
unIVersPty researechér'works: ae R&avpSeier about 1O to 20 
years and then moves on to other activities, although 
one could argue that this may no longer be true in 
today's university setting where there are fewer mobility 
opportunities. An additional assumption involving a 
reduced R&D work life or career span is, therefore, 
also*testeds"' For purposes of that. Simubation, a 15. year 
average R&D life span per scientist is used. 


The size’ of the’ industrial’R&D' sector. %The maim short— 
fall in the Canadian R&D effort lies in industrial R&D. 
A target distribution of GERD by performer is assumed 
such that industry performs 65 percent of R&D by the 
end-year, and the shares of the other performers 
decline proportionately. 


The composition of R&D. The analysis assumes that 60 
percent of industry's additional manpower requirements, 
and 50 percent of the requirements in the other sectors, 
will bDewinvthe applied sciences: 


=" Degree’ level of) new) R&D: staff. 3 Most*proféssional R&D 
staff in government and at universities have graduate 
research’ training. Ineandustrygiion they other hand, 
only about one-third of the professional R&D work 
vorces current lyihas) graduate: tratmime .\) Canadian 
industrial R&D, with some significant exceptions, 
consists to a great extent of adapting R&D break- 
throughs originating abroad. If there is to be 
a quantum jump in Canadian industrial R&D, then 
there may well be a need to staff the R&D projects 
with persons specifically trained in research 


techniques and skills. Such training takes place 
at the graduate level. While it is entirely possible 
—— arid’ even, practical} —— Co ysubstLeutes persons, wien 


undergraduate degrees, say engineers, to staff 
industrial R&D positions, there could be a limit to 
the extent to which this would be possible. 


= dhe’enrolment of students in nel macuralmseciences 
and engineering. Enrolments in these fields have 
not changed from the levels of the early 1970s. As 
well, enrolments of foreign (visa) students have 
ingreased jgeneral ly.) and» partictlarin,: ina theyapplied 
sciences. This means that the number of graduates 
available in the Canadian labour market has declined 
even more than would be indicated by the declines in 
enrolments. The support programs of NSERC are 
intended to slow”and reverse itheycrends inpenroiment 
declines. Also, job prospects due to actual increases 
in R&D expenditures would stimulate enrolments. For 
the, purpose of. this analysis it was assumed that', on the 
average, the annual number of graduate degrees granted 
would, therefore, not fall below the current level, and 
the available supply to the labour market would remain 
at this level to the end-years of the projections. If 
today"s level is not maintained, the gap between supply 
and requirements would be larger. 


“ine Analysis assumes, that the current, GLoay7 alevelivor 
immigration will be maintained throughout the forecast 
period. Many future imbalances will depend on the 
strategic use of immigration to transfer knowledge and 
skills to Canadians. 


- The higher the proportion of applied scientists needed 
to carry out the research, the more acute will be the 
shortages, since the current capacity of the universities 
toi produceveraduates in the applied sciences )15) 1imited, 
and applied graduates are already in high demand on the 
current labour market. 


ng, oe 


—- The extent to which graduates from recent years who 
have not yet obtained employment in their specialty 
cant be drawn) intotReD! jobsu iy itt attaligethis ‘wourd 
provide staff in the early years, but it is doubtful 
that there are all that many graduates in this 
situation+: » Also, research skills; are quickly lost 
iLfiinot) practiced." + Thi'sistudy does; note take ‘this 
supply source intovaccount.. 


PROJECTION METHOD 


There are three categories of demand for HQM over the 
projectmonipe mt od: 


- Demand for non-R&D HQM manpower; 
- Replacement demand due to attrition; and 
- Demand for R&D HQM manpower. 


The; ‘requirements/for)the first) two categories are derived 
with the aid of the MOSST HQM Model. There is only one 
projection for the non-R&D manpower requirements2. Regard- 
ing imepLlacementi demand), an’ attrition rate; ofits percent 

is used, as derived from the age structure of the S&T 
manpower stocks in the HQM model. A simulation is also 
carried out with a 15 year work life assumption for 
researchers ay R&Di jobs: 


I the Statistics Canada Survey of 1976 University and College 


Graduates and the 1976 Doctoral Degree Recipients Survey 

both indicated generally low rates of involuntary unemployment 
and relatively high correspondence between field of study and 
employment at the graduate degree level. 


‘cumulative non-R&D HQM manpower requirements are estimated 
at, 12.750 for the peri odil9/8-L985 hand wat21), 900 i mae 
1978-1990 time period. These estimates represent the 
difference between the total requirements for post-graduates 
in the natural sciences (from the HQM Model) and the 
requirements for R&D personnel under a ''no-change'! scenario 
in which they1976 level, and distribution of “GERD as, held 
constant over the projection period. 
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Regarding the requirements for R&D manpower, there are five 
projections, consistent with the target assumptions. The 
method employed to calculate requirements for R&D personnel 
is to relate the real R&D expenditures per researcher 
(R&D/researcher) to the total R&D expenditures assumed in 
Bhegtarceth scenarios ,was- Shown inyTablewl. 


io,paxsticular,) thewlevel, ofpR&D.nerurescarcheriin eachsor 
the; performing. sectors is computed for 1978. This ratio 

is then” projected to the end-year, under the various growth 
assumptions (3 percent annual growth, 1.5 percent annual 
growth, and no growth). 


The R&D per researcher in 1978 varies slightly by performing 
seector,4Sbut~ls dapthewviicinityiof +$100sO000mepbt 545906913 
in industry and $111,263 in the universities. Appendix 
Table A-3 shows the.1978' Levels for: the, various. sectors, and 
the projection of these levels under the 3 percent) growth 
assumptionssin constant) 19/8.dollarss .¥orgexample.,kbyel9S5, 
under this assumption, the R&D per researcher would rise to 
$111,818 in industry and $136,839 in the universities. 


This study distinguishes between the applied and other 
natural science fields of study. A major increase in 
industrial R&D and the personnel requirements arising 

from this increase would draw more heavily on the applied 
fields offstudy«»yFor the! puxposenot thissstudyethe appiied 
fields of study include engineering, agriculture, forestry, 
geology, meteorology, computer science, metallurgy and 
materials science, oceanography, and such related fields as 
health andiveterinaryimedicine. min thegprogections., 
additional personnel requirements resulting from increased 
expenditures on R&D are allocated to applied and other 
natural science groups on a 50-50 basis for all performing 
séetors except industry,,where it is assumed thaty 60 percent 
of the additional requirements would be in the applied fields 
of study. 


REQUIREMENTS FOR RESEARCHERS 
Tnel978., it is estimatedthat;.there weresasome!2h, s00gpesearchers 


in the various performing sectors: about 10,000 in industry; 
5,900 in the federal government; 5,000 in the universities3; and 


Pre full-time equivalent faculty man years estimated to be 


devoted to research as distinct from other functions such 
as teaching. For more details on the estimation method, 
see MOSST Background Paper No. 16, ''The Stock of Research 
Trained Personnel”. 


TABLE 1 


GERD BY PERFORMER 


(millions of constant 1978 dollars) 


GERD SCENARIOS 


Federal Government 


Provincial Governments 


Industry 
Universities 
Private non-profit 


TOTAL GERD 


PERFORMER 


Federal Government 
Provincial Governments 
Industry 

Universities 

Private non-profit 


TOTAL GERD 


URS: 


0.95/78 0.95/85 


607 408 
73 80 
928 1,750 
555 438 
15 16 
epalegs, 2,692 


DISTRIBUTION OF GERD 


19e5 TIo0 


25/85 ©O..95790) j dabAQOs 2.5/90 


645 A71 TAT SW ieeas 
126 92 146 244 
2763 BOIS, 32204. 1 Bas 
691 505 802 1,336 
25 te 29 AQ 
4,250 33104 (R4i9omR 4 8. ele 


End—-Year Distribution in 
All Scenarios 


(%) 


Lowe 
3.0 
65.0 
16.3 
O26 
LOO.0 


SOURCE: Based on data in Appendix Tables A-1l and A-2 


Note regarding GERD sc 


enarios: 1.5/85 means that GERD is assumed to be 
1.56 OD GE nhooo  etr. 


fewer than 1,000-in other,» sectors such as the provincial 
governments sorlhe 1ncreasésginethesstock ofresearchens, 
according to the assumptions and the methodology explained 
mache preceding two sections, arée.a- function of the “stze 
CortherCERD’ targetea(:9 Sepencentanl | 53pencents obe2 $5 Gpercent 
of GNP); the time at which the target is achieved (1985-1990); 
and the growth in the R&D/researcher ratio (3 percent; and no 


change). The stocks required for these scenarios are shown in 
Tale 2's 


ime GaueqiimedrStockirises  fromi 214800 inghko7Smtors6’,000° in 
b985-im-the b=s5 -percenteGERD-target,.igiven! that the 
R&D/researcher ratio can be increased at 3 percent per 
year. This would require a considerable change in the 
efficiency and management of the research effort, given 
that over the pastiidecade thelratio: has) remained» moreor 
ress constants Thus tt~thi-e-si-tuation-were—to—prevait 
until wh985; ises..if there were no improvement in the 
R&D/researcher ratio, the stock of required researchers 
pSeestimated itotbe considerably whigher funderhthisetarget , 
roche 44e300 . 


Similar relationships between the required stocks and the 
growth of the R&D/researcher ratio apply to other GERD 
scenarios,as showmein Table 2. | Bor example, therequmred 
Stockyrrses fuem!) 60,000 ito 85,600 Nin-ther2:5/90nscenario 

if the R&D/researcher ratio were not to increase at 3 per- 
eent | pergycarn... Even, maintainingstheycursentyo. goenercent 
GERD ratio to 1990 would imply more researchers (an increase 
froma2ieSO0hin) 1978rto 32,400 im: 1990)}vate thereswereano 
change in R&D/researcher. The impact on the stocks required 
due to improvements in R&D/researcher illustrates the 
potential benefits that can be obtained by management of the 
research effort. 


A further source of requirements for new researchers that 
has to be taken into account is replacement demand due to 
AbETAtionssandeduel to oOccupZkbonal }shitts out: ofavesearch 
occupations into other functions such as management, 
administration, sonmiother? professional occupations. As 
moced, whe calculations tor this study useba lo opereene 
attrition ratesea ratenthatets basedéonithe actual (rather 
youthful) age structure of Canadian researchers now in the 
labour force, and two assumptions about working career: 

no shift out of. aniR&D career: once! arpersonyhas| enteredrit; 
and shifts out of research into other occupations after an 
average of 15 years. 


TABLE 2 


REQUIREMENTS FOR R&D MANPOWER 


FUTURE ‘STOCK “REQUIRED “GF 


1978 Target tavreached Tereet \ketrmeached 
stock LOW NLS 5 irg ALO9O 


GERD SCENARIOS 0.95/85 1.5/85 0.95/90 1.5/90 2.5/90 


(thousands of persons) 


3% growth in R&D/ 
researcher BAL iS LO) Gf S60 BO SCn® 60). 0 


No growth in R&D/ 
researcher Poa ges 27.9 AAS 3254 ‘Salt sz! S56 


SOURCE: Appendix Table A-4 
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The number of additional researchers over the entire 
peoyeccion period, for alli scenarios and taking account 
Ot ail these factors, descmibedsris shown in Table 3, 


Poe Une “enlive 1-veqr perio strom 19/885. inthe 1.5 
percent GERD target, the number of new researchers 
requined is estimated to range from_29,740° to 49,050, 
depending on-a’combination-otf ractorss—increases in 
the R&D/researcher ratio, and success in retaining 
researchers in R&D careers over the projection period, 
will reduce the number of additional requirements. 
Lack of growth in R&D/researcher, and inability to keep 
researchers in R&D careers, will sharply increase the 
number =required.—This reLationship-nolds+torabi~tke 
SCERD UVangety scenarios ‘showm im’ Table’ 3, Sandipointesato 
the~importance of -at tracting—atid-rétarnines e1entists 
Ti eo DiiC a Rees”. 


WMealangestsincredses, an GERD are; required im. ipdustry. 
where the majority of researchers are from the applied 
father than other than applied ti'elds of study.) labpe.4 
shows the differences in requirements under the highest 
and lowest GERD scenarios for applied and non-applied 
researchers. 


The numbers required above the 0.95 percent “GERD Tevel are 
provided) an ‘lable 5, by performing sector. COnl vine nenes. 
and Lowest scombinations.scare. shown for the GERD scenarios. ) 
Mostp.ot.the growthvin numbers, under all scenarios that: are 
based on) ashigher GERD. catio, would have to take place in 
maustry..9 Om the total of (l2.860 new vescarchers necueu 
over the, 7-year period from 9/8-85 in the tl percent GERD 
scenario with 3 percent increase in R&D/researcher, and no 
eceupation~shifts—out-of-R&D~careers+—industry—would-require 
9,472, with the federal government and the universities each 
requiring close to 2,000. ‘Similarvnelationships: between the 
requirements by industry and the iotherspertormens ‘exusteroe 
the: various scenarios (see Table 5). 


SUPPLY “OF SPH. DS AND M.SG.15 


For total natural sciences and engineering, there was very 
little change in the number of graduate degrees awarded 
from 1972 to 1977. The number was about 4,000 masters and 
Ph.Dis per’ year. ‘However, the number ot part-time etudents, 
who usually are already members of the labour force, had 
significantly increased and the number of immigrants with 
degrees had declined over this period. 


TABLE 3 


NUMBER OF ADDITIONAL RESEARCH PERSONNEL REQUIRED 


UNDER VARIOUS ASSUMPTIONS 


(Cumulative Number of Additional Researchers required)* 


1978-85 1978-90 


GERD SCENARIOS 0.95/85 1.5/85 0.95/90 1.5/90 


3% growth in R&D/researcher, 
and, Lube ac treet ion e675 293/40 20 5095 41 020 


3% growth in R&D/researcher, 
fo ome eta dt POL, wreaiG 
L5 year work life 20 O05 A Ay S As OCS 59 420) 


1.5% growth in R&D/researcher, 
and 1.5% attrition 16.405 334/30 Oh Ais 48 ,420 


No growth in R&D/researcher, 
Lbs, 8abtrition PS AG) 38520 37 sooo SUAS Ss: 


No growth in R&D/researcher, 
Lh US4ratenl ceon, ind 


15 ear work lite 55,490 1Oy foo 


SOURCE: Estimates by MOSST 


2.5/90 


Sloyers te 


84,955 


73,770 


93,545 


LEE GISO 


Note on GERD Scenarios: 1.5/85 means that GERD is assumed to be 1.5% of 


GE ai VOSS ete: 


NOTE(*): The underlying stock figures for the 3% and no growth, 
R&D/researcher ratio, for the various GERD targets, 
is shown in Appendix Table A-4. 


TABLE 4 


NUMBER OF RESEARCHERS REQUIRED IN APPLIED AND 


OTHER THAN APPLIED NATURAL SCIENCES 


(Cumulative Totals) 


1978-85 1978-90 
GERD SCENARIOS 0.95/85: 1.67 85 0.95/90 1.5/90 2.5/90 
3% growth in R&D/ Applied 
researcher, and Natural 


eon acerrtcion Sciences eons 2a re) 08) AVGSLO 
Other 
Natural 


sciences yoo bagi2o 24 ,/45 


TOTAL 26,6095 Al O20 6b, S55 


No growth in R&D/ Applied 
researcher, 1.5% Natural 
attrition, and sciences 
15 *year work” life SOMA, ey, ees 467,635 67,195 


Other 
Natural 
Sciences 185900 20% 505 Fane eed ella A475 


TOTAL 49,050 5S ,490 re OU VE aa 


SOURCE: Estimates by MOSST. 


Note regarding GERD Scenarios: 1.5/85 means that GERD is assumed to be 
Ese Oe GNP Sr 1985. 6 ti. 


TABLE 5 


REQUIREMENTS FOR ADDITIONAL RESEARCHERS DUE TO 


RAISING THE GERD TARGET ABOVE 0.95 PERCENT 


(Cumulative Totals) 


oECTOR 1978-85 plo MEST CI) 


GERD SCENARIO 1 ey o> 1.5/90 2.5/90 


i) se growth in R&D/researcher and 1.75% attrition 


Federal L O53 PLONE SMA OS 
Provinchasl 383 396 Leet OO 
Industry OA 7 2 O74 27 4479 
University 1,962 2,089 5,665 
Private Non-profit 78 80 220 

TOTAL 13,208 UA 324 39 ,860 


2) No growth in R&D/researcher, 1.5% attrition, and 15 year 
R&D work life 


Federal 2 Aclacy 240905 SS 
Prcovinc re! AO 560 1, BES 
Industry Lk 620 1egelo 38,510 
Universi cy 23405 2 O80 & 5005 
Private Non-profit OD ASS 310 

OTA 7 OOS 20,200 56,445 


SOURCE: Estimates’ by MOSST. 
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Whem thesemtactors” are’ taken into’ account) itvappears 
that the available new supply of persons with post- 
graduate degrees had declined by about 15 percent) during 
ines 197 Jetson L977) period... i4fhecil977 lestamabet of available 
pe ew approximately 3,700. (Appendix Tables A-—5 

bo) Ae /i. 


In the applied“seiences.-and-engineeringCincluding health 
and the applied life and physical sciences), degrees 
awardedpincreasedsin-1 9/7 jeatter: five “vyearsawi thout any 
growth. However, adjusted for the above-noted factors, 
the available supply of applied science graduates shows 
erdecrease of) about, Oi percent” since, 1972 ,« mainlyrduer to 
reduced immigration. The 1977 level of available supply 
waste bowtt 265 50% 


The annual number of degrees awarded in the other natural 
science fields of study (life, and physical sciences and 
mathematics); has declined by 14 percent since 1972. Due 
to falling immigration, available supply declined even 
more (by 26: percent). The 1977 level of available supply 
was approximately 1,320. 


Tablewmo4suimmarizes the trends in the avaiable. suppl yor 
graduates. 


The universities are constrained financially, and face 
pressures to rationalize and adapt to emerging circumstances. 
Graduate enrolments in the natural sciences have been on a 
declining trend’ im’recent years and} without)»counter measures, 
would continue to decline. 


Looking tothe 1980s, university enrolments*arev expected’ to 
decline. This has already begun to place financial pressure 
on the universities. There may need to be staff reductions, 
and employment prospects and mobility in university teaching 
and research may become increasingly limited. In this 

period of constraint, the universities may have difficulty 

in adapting facilities and teaching staff as rapidly as would 
be desirable to meet increased student interest in particular 
Cieldshot study!,\ andetopreduce statftpint iteldeathat wiliebe 
experiencing enrolment declines. 


NSERC has recognized the emerging dangers to the capacity of 
the universities to generate researchers and carry out R&D, 
and has proposed a series of manpower measures designed to 
remedy the weakened capacity. The Council's plan provides 
for a large number of research associateships at the 
mniversities, and support for researchers destined for ‘Che 
industrial sector. 


TABLE 6 


ESTIMATES OF THE NUMBER OF AVAILABLE Ph.D.s AND 


M.Sc.s POST-GRADUATES (ADJUSTED SUPPLY) 


(Natural Sciences) 


APPLIED OTHER TOTAL NATURAL 

SCIENCE SCIENCES SCIENCE 
1972 2,560 1,783 4,343 
1973 2,704 1,796 4,500 
1974 2,483 1,686 4,169 
1975 Paaale: 1,530 3,842 
1976 2,235 1ace2 3,597 
1977 2,351 1,319 3,671 


SOURCE: Based on Appendix Tables A-5 to A-7 


See 


The government also has recognized the importance of the 
role played by the universities in the attainment of the 
national science effort, by establishing an R&D target 
Enateisisubstangially highersthan the current level of 
R&D spending, and by instituting measures designed to 
raise industrial R&D to a level that will render industry 
CompeGitive winternationaklhy. 


Given the NSERC manpower measures, and given the govern- 
ments position on the ‘support for’ industrial R&D, one 
might expect that the factors that are now depressing 

the level of research training in the universities can be 
eeunvened: -andsthat the idechining :trendshean be reversed, 
For purposes of this study, it:,is,assumed,that there will 
be no further declines in graduate enrolments over the 
Dre }ected period. 


Specifically, the levels for 1977 are assumed to prevail 
fon the spro jection; period. .,Table./ summarizes the 
aggregate supply totals anticipated to be available. 
These are degrees granted, adjusted for immigration and 
Canadians returning home, and for foreign students, part— 
time students and those remaining enrolled for further 
studies. 


REQUIREMENTS FOR R&D PERSONNEL AND THE AVAILABILITY 
OF RESEARCHERS 


In this section, the requirements are compared to the 
number»ohePh.D.s and Masters:that have ,been.projected 

Eor the,twoitime periods. As a starting point in the 
analysis of possible imbalances, it is assumed that all 
new R&D jobs would have to be staffed by research trained 
uni versity scraduates ij.This «rather, restrictive assumption 
merely serves to delineate the extent of imbalances if 
only persons with post-graduate degrees were to be used. 
Butuasenoted)earlier ,owhile jthe»majority of afesearehers 
working in the universities and in government have post- 
graduate degrees, this is the case for only about one-third 
ofethe researchers working in,industry. ) Theredi svevyidence 
that the proportion of persons with post-graduate degrees 
hired by industry for R&D jobs has been rising in recent 
years’. 


a eiietry of State for Science and “Technology, "'The™ stock *ot 
Research Trained Personnel", Background paper no. 16. 


TABLE 7 


PROJECTED AVATLABLE SUPPLY “OF Ph wD us ND Me Sees 


(Cumilatiazce Totals) 


APPLIED OTHER NATURAL 

SCIENCES SCIENCES TOTAL 
1978-1985 Lor ASO 9,240 24 O90 
1985-1990 aan ke Ae, 8) 6,600 Lois ow 
TOTAL LO Few ite, S40 44 ,040 


SOURCE: Based on Appendix Tables A-6 and A-7. 1977 data are 
accumulated Tor number of years (ae pro |6c ued perrods. 


oe es 


A summary of the differences between the requirements for 
Pesecarcnersivand thelavailability of Ph.D.s and Masters, in 
the various’ GERD scenarios is provided in Table 8. The 
table also shows the implications of varying the 
R&D/researcher and length of work life assumptions. The 
imbalances implied for applied natural science researchers 
aim EOy researchers in the applved sciences is illustrated 
in Table 9, which shows balances for the highest and 
lowest combinationsof the assumptions. 


En the 1.5/19385 scenario, over the period to 1985, jassuming 
3 percent growth in the R&D/researcher ratio, and making 
ithe restrictive assumption that allynew R&D jobs wouwldshave 
to be staffed with research trained personnel, there would 
be a cumulative shortage of about 4,050 research-trained, 
and most of these would be from the applied fields of 
Science (21900)... Stretchime: the 1.5 percent GERD tareget 

to 1990 would, under these assumptions, not result in 
Shortages. Ihe estimates ane based on 1.5! percent 
attrition, and the work life assumption that a researcher, 
having entered an R&D career, would remain in it. 


Raising GERD to 2.5 percent of GNP by L990; implies a, short-— 
Callin. supply.of about "22,515 eraduates over the decade, 
again under the restrictive assumption that all R&D jobs 
would have to be staffed by R&D trained personnel, and 
given that R&D/researcher will grow at 3 percent. The 
AaLorttion fand + work-lite assumptions are asiabove.. Inithis 
scenario, there is significant growth in university and 
government research, although the major expansion takes 
place in industrial R&D. The suggested supply shortfall, 
therefore, occurs largely in the applied sciences (13,610), 
but there are substantial shortfalls in the fundamental 
Gciences as well (8.905) Csee* Table 9). 


The calevulations) (Table 9)vare” based on. the restrictive 
assumption! thar, R&D jobs. will have to be statted™ by 
research trained personnel (i.e., by Masters and Ph.D.s). 
In the past, however, only about one-third of professional 
researchers engaged by industry in R&D jobs had post- 
graduate research training, the balance having other 
qualitications. The calculations would tend to be over-— 
estimates to. the extent that industry continues to start 
R&D jobs in the traditional pattern, i.e., by using new 
Basco. 6, engineers,.or by xvetraininp’ persons in the work 
Ponce. While a Sitenicticant proportion of “the Roebymaupoyver 
requirements could be met in this way, there would still 


TABLE 8 


DIFFERENCES BETWEEN REQUIREMENTS FOR RESEARCHERS 
AND AVAILABILITY OF Ph.D.s AND MASTERS, UNDER THE 


VARIOUS GERD SCENARIOS AND ASSUMPTIONS 


1978-85 1978-1990 


0.95/85 0.95/90 1.5/90 


GERD SCENARIOS 2.5/90 


Te 5/So 


3.0% growth in 


R&D/researcher Oo) O15 - 4,050 Li SAS 250 or tee gone 
Mane ATL talon; I, CAN evow i am 
full life-time R&D/researcher 
R&D career TEENS) S - 8,090 I2Z,o35 —. 4,380" —S277e0 
No growth in 
R&D/researcher Ae SO) -12,630 6,945 -13,315 =-49,490 
3.0% srowth, in 
R&D /researcher - 915 -14,785 - 1,055 -15,380 -40,915 
i Se tAd igi On, Lieie, Prowoh, in 
15 year R&D R&D /researcher 
work life -3,475 -18,820 —~ 5,/605 =—22, /S0ie see eae) 
No growth in 
R&D /researcher -6 ,355 -23,360 —11,450; -—31,710 43-67. 7090 


SOURCE: MOSST estimates. 


NOTE: {-) Indicates a shortfall ‘in the number of available Ph.D.= end Mece.=. 


GERD Scenarios: 1.5/85 means that GERD is assumed to beul.57 co. 
GNP? ae TOSS, setc. 


TABLE 9 


DIFFERENCES BETWEEN REQUIREMENTS FOR RESEARCHERS 
AND AVAILABILITY OF Ph.D.s AND MASTERS IN 


APPLIED AND OTHER THAN APPLIED NATURAL SCIENCES 


(Cumulative, Totals) 


1978-85 1978-90 
GERD SCENARIOS O1.,.95/85~ 4.5/85 0.95/90 1.5/90 2.5/90 
3% growth in R&D/ Applied 
researcher, and Natural 
Deo Seis Gan Ca Ony Sciences SLOSS) 900 -13,610 


Other 
Natural 
Sciences G5 SLO gle) - 8,905 


TOTAL UI Gertie ?4 4s) Si 0 =2e50L0 


No growth in R&D/ Applied 
researcher, Pro- Natural 
ductivity Growth/ Sciences 
Tbe uaitri plonm and 


Lopvear work lite -13,700 - 6,925 -18,435 —38 ,995 


Other 


Natural 
Sciences i i gmt ely OD -28 ,895 


TOTAL J, 450) ns eo -67 ,890 


SOURCE: MOSST estimates. 
NOTE: (-) Indicates a shortfall in the number of available Phin bss and Mat 1s 


GERD Scenarios: 1.5/85 means that GERD is assumed to be 1.5% of GNP 
in 1985), enc. 


remain large areas of shortages. For example, the number 
of new engineering graduates coming out of the universities 
at the present time is now about equal to the labour market 
needs (if some minor skill mis-matches are ignored). With- 
out significant expansion of the engineering training 
capacity, this source of meeting _R&D manpower shortages 
could therefore be a limited one-. 


Any remaining shortages would have to be made up of a 
combination of ‘the pulliontaddmetonal enrotmente exerted 
by the emergence of new research jobs ane” careers, 
especially in industry; and on-the-job research training 
by*dndustry, perhapswroh the cooperation of umiversities, 
Also, there would have to be selective increases in 
immigration. The number of immigrants in the natural 
sciences fields is estimated to have fallen from over 
1,000 per year at the beginning of the 1970s to about 
one-half that level at the end of the 1970s (see Appendix 
Table A=5).. LE mere immierants 1m tlie) brela cam be 
attracted, they-would have Co be used’ more Strategically 
to transfer knowledge and skills to Canadians, in order to 
increase the Canadian pool of skill and experience on a 
more permanent basis. Finally, any shortages would have 
to be addressed also by further increases in the NSERC 
Manpower programs. 


To sum up the calculations presented) here indicate Chat eae 
achievement of a higher GERD target is predicated on a number 
of factors that would require careful planning and manage- 
ment. An ambitious GERD target, or a target aimed at a very 
early date, or failure to attract and retain researchers, 
would soon result in shortages of research personnel, 
especially inithe applied sciences. Onto other hand. a4 
continuation of the low level of GERD that now prevails 

will result in surpluses of research trained graduates, 
unless there were further sharp declines in graduate 
enrolments at Canadian universities. Such declines, however, 
would further aggravate the problems and shortages of Canada's 
national R&D capacity. 


As further support for this theme, a recent study by the 


Ontario Ministry of Colleges and Universities indicates 
that a substantial increase in research and development 
activity would place a preponderant burden on all 
engineering programs at the post-graduate level. (Ontario 
Ministry of Colleges and Universities, ''Polytechnic 
Education in Ontario'', September 1980.) 
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SLATISTICAL APPENDIX 


Table A-l 


PROJECTION OF GROSS NATIONAL PRODUCT (GNP) 
1978 TO 1982 


(BILLION 1978 DOLLARS? 


19781 230.4 
i979! a37.3 
i980 244.4 
1981! 253.8 

1982 | 259.3 
1983} 267.1 
1984! 275.4 
i985! 283.4 
1986} 291.9 
1987) 308.6 
19881 309.6 
i989! 318.9 

1992 | 328.6 
NOTE: Estimates based on data provided 


to MOSS? by the Department “of 
Pinance. 
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